Sarcomas represent large and diverse group of malignant tumours, originating from mesenchymal cells. Nearly 15% of all childhood tumours and about 1% of all tumours in adults are sarcomas [1] . The incidence of adult soft tissue sarcomas in Europe is 5/100,000 [2] . Rhabdomyosarcoma accounts for 4.6% of all soft tissue sarcomas and it is the most common paediatric sarcoma, while it is extremely rare in adults [3] .
The majority of scrotal neoplasms originate from the testicle itself. However, some may arise from mesenchymal elements of paratesticular tissue: spermatic cord, epididymis, and testicular envelopes. Only about 30% of all paratesticular neoplasms are malignant. Their real origin in comparison to anatomical structures is somewhat hard to determine; however, it is said that spermatic cord is the most common site (90%) [4] . The most common paratesticular neoplasm is soft tissue sarcoma: leiomyosarcoma, rhabdomyosarcoma, and liposarcoma being at the top of the list [5] .
We report a rare case of a 25-year-old male who was admitted at our institution after surgical treatment in a small regional centre. Our diagnosis based on delivered paraffin-embedded tumour tissue samples was: Paratesticular pleomorphic rhabdomyosarcoma, high grade. Pathohistological report was: Tumour tissue consists of fusiform, oval, polygonal, spindle and numerous bizarre large rhabdomyoblasts, including multinucleated ones. Nuclei are hyperchromatic. In bizarre rhabdomyoblasts cytoplasm is abundant, eosinophilic, granular, rich in thick and thin filaments ( Fig. 1 ). Tumour cells are forming nests and sheets. Stroma is variably myxoid with minor sclerotic areas. Microcystic formations are focally present. Minor elements of embryonal (spindle cell) and alveolar rhabdomyosarcoma as well as sclerosing rhabdomyosarcoma are also present (Fig. 2) . Tumour is well vascularised. Mitotic activity is high (over 10 mitosis per 10 high power fields). Immunophenotype: vimentin + (monoclonal antibody, clone V9, DAKO, visualisation kit FLEX), desmin + (monoclonal antibody, clone D33, Lab Vision IHC System Solution, visualisation kit FLEX) (Figs. 3 and 4) and actin + (monoclonal antibody, clone HHF35, DAKO, visualisation kit FLEX), MyoD1 -(monoclonal antibody, clone 5.8A, DAKO, visualisation kit LP detection system), and S-100 protein -(polyclonal antibody, DAKO, visualisation kit FLEX, CD34-, CD99-, CD117-). The patient was initially treated in a small regional centre and was referred to a medical oncologist only after the first relapses, three months after the surgery. He was in a good physical shape, with no complications. He did not have any significant personal or family medical history. Serum alphaphetoprotein, lactate dehydrogenases, and β-human chorionic gonadotropin were normal. Chest and abdominal CTs were normal. A CT of the pelvis described relapse in the right inguinal canal. He underwent surgery at the Urology Clinic: bilateral retroperitoneal and right inguinal lymphadenectomy and right orchiectomy. He was administered adjuvant treatment with doxorubicin, four cycles, and four more cycles of doxorubicin and ifosphamide due to retroperitoneal lymphadenomegaly. Post-chemotherapy reassessment showed only the persistent retroperitoneal infiltrates. He was reoperated, and histopathology confirmed the previous diagnosis. Postoperative imaging showed progression of the disease in lungs, liver, retroperitoneum, and bone structures. The patient was in good physical condition, Karnofsky status 100%. He was planned and prepared to be included in a running clinical trial on soft tissue sarcoma. However, he failed screening for inclusion in the trial due to high liver enzymes and impaired kidney function, and was reassigned to the best supportive care. He died a few weeks later, 22 months after the initial diagnosis.
Paratesticular rhabdomyosarcoma is an extremely rare malignancy of adulthood and constitutes 7% of all rhabdomyosarcoma and 6% of all non-germinal intrascrotal neoplasms [5] .
Two incidence peaks of paratesticular rhabdomyosarcoma occur, the first between age two and six, and the second between fifteen and nineteen years of age. 70% of all cases occur before the age of 10 [6] . Therefore, most of the data on paratesticular rhabdomyosarcoma can be found in paediatric sources only. Available data on this extremely infrequent localisation of an even more rare tumour of adulthood is insufficient and scarce, mostly presented as case reports or single institution experiences with small numbers of patients, different treatment modalities, and with different stages of the disease [7] [8] [9] [10] [11] [12] [13] .
Paratesticular tumours are commonly presented as palpable masses. Concerning its surface presentation, in comparison with sarcomas situated deeper in tissues or retroperitoneum, they are frequently diagnosed earlier.
This should contribute to their better prognosis in comparison to the other sites. The patient first came to the doctor two months after the initial symptoms. Time to diagnosis is longer in older children and adolescents than in younger children, which can explain the incidence of nodal involvement and distant metastases [14] .
The most common histopathology of paratesticular rhabdomyosarcoma is spindle cell subtype of embryonal rhabdomyosarcoma presented in a younger population of patients with its typical paratesticular localisation. According to single institution experiences and the Intergroup Rhabdomyosarcoma Study (IRS) I and II, up to 95% of the paratesticular rhabdomyosarcoma are of embryonic type [15, 16] .
Our patient had a predominantly pleomorphic type of rhabdomyosarcoma, but it also contained elements of embryonal (spindle cell variant) as well as alveolar rhabdomyosarcoma. Pleomorphic type is the rarest type, typical for adults older than 45 years. It is most commonly localised in striated muscles of extremities and has the worst prognosis [17] . A PubMed search found a few cases of older patients with pleomorphic paratesticular rhabdomyosarcoma, while most adult as well as paediatric patients had embryonal type [8, 13] . The sample material also contained elements of sclerosing rhabdomyosarcoma, a relatively new entity, still not recognised enough, first described in the year 2000 [18] . A few small studies and individual case reports imply that sclerosing rhabdomyosarcoma is probably correlated to embryonic rhabdomyosarcoma [19] . A PubMed search did not find any reported cases of paratesticular rhabdomyosarcoma with this new histopathological entity. Tumour tissue was MyoD1 negative in both primary and metastatic samples. MyoD1 (myogenic determination factor) shows excellent although not 100% specificity (about 90%) and sensitivity (about 97%) for skeletal muscles and rhabdomyosarcomas [20, 21] providing adequate laboratory preparation and formalin fixation [22] . However, the obtained tumour material did not have adequate formalin fixation (but alcohol fixation) since it was processed in another hospital with no immunohistochemistry. Primary differential diagnosis could be leiomyosarcoma or malignant fibrous histiocytoma; however, the morphologic characteristics of the tumour speak in favour of rhabdomyosarcoma. A less likely tumour could be pleomorphic liposarcoma or osteosarcoma, but these are discarded due to positive muscle markers. Malignant triton tumour (a type of malignant schwannoma) can have muscle differentiation as well, but it does not present this kind of morphologic characteristics [5] . The IRS group (IRSG) classifies rhabdomyosarcoma into four clinical groups and four stages of disease that guide the treatment and are related to prognosis (Table 1 and 2) . According to IRGS, four study experience favourable prognostic factors are: undetectable distant metastases at diagnosis, primary sites in the orbit and non-parameningeal head/neck, genitourinary non-bladder/prostate regions, grossly removal of localised tumour at the time of diagnosis, embryonal/botryoid histology, and tumour size ≤ 5 cm and age younger than 10 years at diagnosis [23] .
Paratesticular rhabdomyosarcoma patients in IRS groups I-III have a five-year survival rate of 94.6%, while IRS group IV has an extremely poor prognosis with up to 22.2% five-year survival [14] . The most common sites of metastases forming paratesticular rhabdomyosarcomas are regional lymph nodes, lungs, cortical bone, and bone marrow [24] . Retroperitoneal metastases occur in up to 40% of the patients [14] .
In our patient, at the time of diagnosis there was no visible spread of the disease (stage I, group I) according to the IRS classification system. However, the patient was assigned only for follow up. Three months after the surgery, inguinal relapse occurred. At that time, CT confirmed enlarged retroperitoneal as well as inguinal lymph nodes, so right orchiectomy and right inguinal and bilateral retroperitoneal lymph node dissection (RPLND) were performed. The patient was classified as IRS IIB. According to The German and Italian cooperative group experience with 216 paediatric patients with paratesticular rhabdomyosarcoma treated over 20 years, completely resectable cases in children had excellent outcome, even in those whose first surgical procedure was not satisfactory. This group considered that inguinal incision mandatory and re-excision should be recommended in cases of initial trans-scrotal approach [14] .
In cases of paratesticular rhabdomyosarcoma in childhood, unilateral nerve sparing dissection should be performed in all children older than 10 years, as well in those with clinically positive lymph nodes [25] . Use of only CT scan of RPLN led to a decrease in identification of RPLN involvement in IRS-IV and a higher rate of regional relapse as compared with IRS-III. Wiener et al. therefore suggest ipsilateral RPLND as part of routine staging of adolescents with paratesticular rhabdomyosarcoma, and those with positive lymph nodes require intensified chemotherapy as well as nodal irradiation [26] . Considering the aggressive biology of the disease and the necessity of adequate staging, retroperitoneal lymph node sampling of the ipsilateral chain should be obligatory in all adult patients with paratesticular rhabdomyosarcoma [27] . Positive nodes higher than the renal vessels are considered as disseminated metastatic disease. Inguinal nodes are rarely involved and are biopsied only if clinically positive or if the scrotum is invaded by tumour. Inguinal nodes are not considered regional [28] .
Adjuvant chemotherapy should be considered in all patients with paratesticular rhabdomyosarcoma. The majority of reported protocols are doxorubicin and ifosphamide based, but also consist of etoposide, vincristine, actinomycin-D, cyclophosphamide, and cisplatin. According to the Minimal Clinical Recommendations of ESMO and NCCN, first-line chemo for soft tissue sarcoma is doxorubicin, and considering overall survival there are no convincing data that polychemotherapy is more effective in comparison with doxorubicin alone. However, a combination of doxorubicin with ifosphamide gives a better response rate (RR) [1, 2] , being up to 86% according to the results of recent studies of extremity-localised rhabdomyosarcoma in adult patients [29] . Even after surgery and adjuvant chemotherapy our patient developed regional lymph node and distant visceral and skeletal metastases. He died shortly after diagnosis of metastatic disease, the pace of which was furious, with no opportunity of enrolment in a planned clinical trial. In spite of applied chemotherapy, for adult patients with rhabdomyosarcoma of extremities, overall survival ranges from 25-45% [30, 31] .
Local radiotherapy is recommended in addition to systemic treatment in all patients with histopathologically positive lymph nodes and microscopic residual disease [15] . In their study of paratesticular rhabdomyosarcoma a German and Italian cooperative group administered external beam irradiation in concomitance with chemotherapy, doses ranging from 32 Gy to 65 Gy -standard fractionation was used as well as hyperfractionation. However, according to their experience, no significant difference was noted among N1 patients who were and were not treated with radiotherapy [14] .
In conclusion, although extremely rare in the adult population in comparison with paediatric population, rhabdomyosarcoma in general represents a more aggressive and more malignant neoplasm [32] . Considering the more aggressive histopathological variety in adults, as well as the fact that rhabdomyosarcoma in childhood, adolescence, and adulthood is presented with distinctive biology, adult rhabdomyosarcoma represents a unique entity. What we can surely state is that paratesticular rhabdomyosarcoma has to be treated in highly specialised oncological institutions, and the therapeutic approach has to be multimodal and has to involve an experienced surgeon, medical oncologist, radiotherapist, pathologist, and radiologist. As with soft tissue sarcoma in general, a final solution lies in the future, we hope. Some new treatment modalities for sarcomas are developing and are the subject of clinical trials. However, so far none of them have brought any significant step forward in effective treatment of these malignancies (mTOR inhibitors, tyrosine kinase inhibitors, heat shock protein inhibitors).
The authors declare no conflict of interest.
